Objectives: Limited literature exists as to whether preoperative gastrostomy (GT) evaluation may predict which patients will go onto require gastrojejunostomy (GJ) tube feeding. The goal of this study was to compare the preoperative evaluations between patients maintained on GT feeds versus patients who required conversion to GJ feeds. Methods: We identified patients at Boston Children's Hospital who underwent GT tube placement and required GJ feeding between 2006 and 2012. GT patients were matched according to age, neurologic, and cardiac status with GJ-converted patients. Preoperative characteristics, rates of total hospitalizations, and respiratory-related admissions were reviewed. Results: A total of 79 GJ patients (median interquartile range (IQR): age 15 (4.3, 55.7) months; weight 8.8 (4.6, 14.5) kg) were matched with 79 GT patients (median (IQR): age 14.6 (4.7, 55.7) months; weight 8.5 (5, 13.6) kg). Median time from GT to GJ conversion was 8 (IQR 3, 16) months. Both groups had similar rates of successful preoperative nasogastric feeding trials (GT (84.5%) versus GJ (83.1%), P ¼ 1.0), upper gastrointestinal series (GT (89.1%) versus GJ (93.2%), P ¼ 0.73), abnormal videofluoroscopic swallow studies (GT (53.8%) versus GJ (62.2%), P ¼ 0.4), and completion of gastric emptying studies (GT (10.1%) versus GJ (5.1%), P ¼ 0.22). No differences were seen in preoperative hospitalization rates (P ¼ 0.25), respiratory admissions (P ¼ 0.36), although GJ patients had a mean reduction in the number of hospitalization of À1.5 AE 0.5 days, P < 0.001, after conversion. Conclusions: No differences in preoperative patient characteristics or diagnostic evaluations were seen in GT fed versus GJ converted patients. GJ patients did experience an overall decrease in total admissions after GJ conversion.
G astrostomy (GT) tube placement is a commonly performed procedure in pediatric patients who have a variety of feeding difficulties, poor growth, or other gastrointestinal disorders, in order to allow for more permanent enteral access and to potentially improve pulmonary status in patients with aspiration (1, 2) . Prior literature suggests that a small percentage (<10%) of pediatric patients undergoing primary GT tube placement, may experience gastric feeding intolerance and require subsequent conversion to gastrojejunal (GJ) feeds, surgical jejunostomy, or require a fundoplication procedure (3) (4) (5) (6) (7) (8) (9) . Prior gastrojejunostomy (GJ) literature in pediatric patients has largely focused on potential tube-related complications (10) (11) (12) . Also, studies have examined, especially in the neurologically impaired patient population, whether fundoplication versus GJ placement will more positively impact patients' postoperative rehospitalization rates and pneumonia risk; to date, no significant differences have been found between these 2 interventions (6, 9, 13, 14) .
When evaluating a patient before GT tube placement, there is no consensus on the necessary preoperative diagnostic testing and evaluation that should be performed; limited data exist as to whether certain preoperative evaluations may predict which patients will undergo transition to GJ feeding (3, 8, (15) (16) (17) . Therefore, the primary aim of this study was to compare the preoperative evaluation performed between patients sucessfully maintained on GT tube
What Is Known
Gastrojejunostomy tube placement is a commonly performed procedure for allowing ongoing enteral access in pediatric patients with gastric feeding intolerance. Limited data exists as to whether or not certain preoperative evaluations may predict which patients will undergo transition from gastrostomy to gastrojejunostomy feeding.
What Is New
No differences in preoperative patient characteristics, hospitalization rates, or diagnostic evaluations were seen in gastrostomy fed versus gastrojejunostomy converted patients. Gastrojejunostomy patients did experience an overall decrease in total hospital admissions after gastrojejunostomy conversion.
feeding versus patients going on to require GJ feeding. Secondary aims included assessment of the frequency of preoperative respiratory evaluations and intensive care unit (ICU) level hospitalizations before GT tube placement, as well as a comparison of hospitalization rates and respiratory-related admissions in GT patients versus GJ-converted patients. The frequency of permanent tube removal between GT tube fed versus GJ-converted patients was also assessed. Finally, among GJ patients, the differences in the frequency of hospitalization rates and pulmonary-related admissions both before and after initiation of GJ feeding were reviewed.
METHODS
Institutional review board approval was granted to complete a chart review of all patients undergoing primary GT tube placement at Boston Children's Hospital between January 2006 and December 2012; during this time period, GT tubes were primarily placed using the percutaneous endoscopic technique. Queries of hospital administrative lists and data abstraction using Epic (V 2008; Epic Systems Corporation, Verona, WI) were performed to identify patients who underwent a percutaneous endoscopic GT tube (PEG) placement followed by conversion to GJ feeding (''GJ patients''). Any patients who underwent primary PEG placement at another hospital, or who underwent a primary GJ tube placement, jejunostomy, or fundoplication with GT procedure were excluded.
Patient records were reviewed for age, sex, ASA class, and weight at the time of PEG procedure. Patient comorbidities were categorized as neurologic, metabolic/genetic, cardiac, premature (<37 weeks gestation at the time of birth), oncologic, oropharyngeal malformations, cystic fibrosis, and other (renal, immunodeficiency, and gastrointestinal disorders); comorbidities were not considered to be mutually exclusive. Indications for GT tube placement were also noted and included aspiration, as documented by having an abnormal videofluoroscopic swallow study (VFSS), failure to thrive, or other feeding difficulties, including food refusal.
Primary and secondary outcomes were compared between GT-dependent and GJ-converted groups. The primary outcome was defined as the completion of the following diagnostic evaluations before GT tube placement: nasogastric feeding trial (of note, initiation of nasogastric [NG] tube feeding trials, or any other initiation of any type of enteral feeding at our institution, are routinely performed as inpatients with a minimum of a 2 night stay with dietician consultation), pH-impedance probe study, fluoroscopic upper gastrointestinal series (upper gastrointestinal [GI] series), VFSS, and a 1-hour nuclear medicine gastric emptying scintigraphy (either solid or liquid study based on patient's oral feeding practices and tolerance with normal being defined 60% residual at 1 hour). Secondary outcomes included type of feeding regimen (bolus/continuous/both) used preoperatively (with NG tube), as well as postoperatively after GT tube placement, evaluation by pulmonary medicine before GT tube placement, number of ICU admissions before GT tube placement, and number of total admissions and pulmonary-related admissions between birth and GT tube placement. In addition, among GJ patients only, mean change in number of total admissions, respiratory-related admissions, emergency department (ED) visits, and respiratory-related ED visits were reviewed both before and after GJ conversion; counts of admissions and ED visits were controlled by using equivalent time periods both before and after GJ placement. Advancement back to GT tube feedings after GJ placement and permanent tube (GT or GJ) removal, resulting in stoma closure, were reviewed for all patients; all data reviews were completed through June 1, 2016.
A propensity score analysis was used to adjust for imbalances between the 2 primary groups of interest: GT patients who transitioned to GJ feeding versus patients who remained GT dependent.
Propensity scores were determined using a multivariate logistic regression model, with dependent variable GJ conversion (yes/no) and the following independent variables: cardiac disease (yes/no), age, and neurologic/seizure disorder (yes/no). Patients who transitioned to GJ feeding were then matched one-to-one with patients who remained GT dependent, based on individual propensity scores. The absolute difference between propensity scores for all matched patients was within 2%.
Results are presented as n (%) when categorical and either median (interquartile range [IQR]) or mean with standard deviation (SD) or standard error (SE) when continuous. To account for potential between-patient correlation imposed by the propensity score matching, conditional logistic regression was used for all comparisons between GT-and GJ-dependent patients. Within the GJ-dependent group, the number of hospitalizations from birth until GJ placement was compared with the number of hospitalizations during an equivalent amount of time after GJ conversion. This within-patient comparison was evaluated with the paired t test. All tests of significance were 2-sided, with P < 0.05 considered statistically significant. Data analysis was performed with SAS version 9.4 (SAS Institute, Inc., Cary, NC).
RESULTS
A total of 902 patients underwent primary PEG placement during this time period; a cohort of 158 matched patients who underwent GT tube placement were included in the analysis with 79 patients requiring conversion to GJ feedings. Median time from GT to GJ conversion was 9 (IQR 4, 16) months. No differences in preoperative comorbidities were found between the 2 groups (Table 1) . Postoperatively, 11 (13.9%) GJ patients had a fundoplication procedure, and no GT patients required fundoplication (P ¼ 0.04), largely because institutional practices at our center encourage a trial of postpyloric feeds to determine whether patients are candidates for fundoplication. Thirty-six (45.6%) GJ patients returned to GT tube feeds; 2 (2.5%) GJ patients had their tube permanently removed versus 16 (20.5%) of GT patients (P ¼ 0.006) which may reflect severity of feeding intolerance. No differences in frequency of preoperative evaluations were seen between GT versus GJ patients (Table 2 ). There were also no differences in the results of the preoperative testing though the numbers for each test were small (Table 2) .
For patients who underwent a documented NG tube trial preoperatively, 53/118 (45%) patients had bolus feedings, 51/118 (43.2%) had continuous feeding trials, and 17/118 (14%) had a combination of both bolus and continuous feedings. Postoperatively, after initial GT tube placement, 153 patients had documented bolus, continuous or combination bolus/continuous feedings at the time of discharge; 102/153 (66.7%) were bolus fed, 93/153 (61.8%) were continuous fed, and 42/153 (27.5%) had a combination bolus/ continuous feeding regimen. GT patients who were on bolus feeds at the time of discharge were less likely to go onto GJ feeding (59 vs 43, P ¼ 0.03). No differences were found in patients, who were on continuous feedings or combination bolus/continuous feedings at the time of discharge, and their likelihood of going on to GJ placement.
After adjusting for age at the time of GT tube placement, no difference in the proportion of patients with an ICU admission before tube placement was seen (50 (63.3%) GT-dependent patients versus 55 (69.6%) GJ patients; adjusted odds ratio 1.35, P ¼ 0.38), and similarly no difference was seen in the proportion of patients with a pulmonary medicine evaluation before tube placement (18 (22.8%) GT-dependent patients versus 25 (31.7%) GJ patients; adjusted odds ratio 1.58, P ¼ 0.22). Also, no differences in the rate of total admissions or respiratory-related admissions before GT tube placement were seen between the 2 groups, with incidence rate ratios of 0.84 (95% CI 0.55-1.28; P ¼ 0.41) and 0.67 (95% CI 0.31-1.45; P ¼ 0.31), respectively (Table 3) . Among GJ patients only, mean change in total admissions before and after GJ conversion was À1.5 (AE0.5 SE) days, P ¼ 0.001. No within-patient differences in respiratory-related admissions, ED visits, or respiratory-related ED visits were seen before versus after GJ placement (Fig. 1) .
DISCUSSION
Gastrojejunostomy tube feeding is a commonly used method of feeding in patients with gastric feeding intolerance, especially in patients who have failed gastric feeding trials (18) . Prior literature has estimated about 4% to 6% of patients undergoing primary Gtube placement may go on to require conversion to transpyloric feeding, and in our cohort, approximately 8.8% required conversion (3, 7) . Limited literature exists as to what diagnostic evaluation before tube placement may help predict which patients will go on to require transpyloric feeding; most of the pediatric literature to date has focused on differences in the preoperative evaluation of patients who underwent a G-tube versus those who may also have required a G-tube and fundoplication procedure (3, 19) .
Although there is no study looking at the role of preoperative testing/feeding trials in patients before GJ placement, there is a body of literature on the workup before fundoplication. Although the complications of fundoplication are more significant, and the risks are higher than GJ placement, we can learn something from this literature as both fundoplication and GJ feeding are ''steps up'' in reflux and feeding difficulty management and may have a definite impact on patient feeding practices. Prior fundoplication literature has proposed that younger age, the presence of a neurologic comorbidity, history of dysphagia with resultant aspiration, as seen on videofluorscopic swallow studies, may be associated with an increased need for potential fundoplication, whereas other authors have proposed that preoperative abnormal pH probe studies may have a higher likelihood of predicting patients who may go on to need fundoplication (3, 8, 19, 20) . Two additional studies explored the relationship between esophagitis found on esophageal biopsies and presence of gastroesophageal reflux on upper GI findings before GT tube placement, and the eventual risk of having a subsequent fundoplication procedure; neither the presence of esophagitis nor the findings of reflux via fluoroscopy seemed to correlate well with the need for fundoplication (15, 21) .
In our study, we chose to control for various patient factors which could possibly influence the potential for feeding intolerance after tube placement; even after matching for age, neurologic, and cardiac comorbities, neither the successful completion of a nasogastric feeding trial, nor emesis with an upper GI series, or presence of an abnormal VFSS, seemed to predict which patients may go on to require GJ feeding. Interestingly, it does seem that patients who were bolus fed at the time of GT discharge may be less likely to go onto require GJ feeding, but future studies may be needed to support this finding. Also, no differences in the presence of a preoperative abnormal gastric emptying study or impedance probe testing result seemed to increase the chances of transition to postpyloric feeding, although the frequency with which these studies were performed before GT tube placement was low in our cohort.
Two prior larger retrospective patient population studies, based on hospital billing code data, have previously assessed patients requiring anti-reflux procedures and those undergoing GT tube placement versus those having a GT with concomitant fundoplication; in these studies, the frequency of preoperative 24-hour pH monitoring and gastric emptying studies being performed were higher than our retrospective cohort, but unfortunately, due to the limitations of billing data, the frequency of abnormal test results for our study were unknown but again may be worth further investigation (20, 22) .
In addition, our study found that 62% of our entire cohort had an abnormal swallow study, but again, no differences in rates of aspiration via VFSS were seen between patients who remained GT dependent, and those who went on to have a GJ conversion. Two prior studies have noted that abnormal swallowing may potentially influence clinicians' decisions to perform certain anti-reflux (e.g., fundoplication) procedures at the time or following GT tube placement (3, 22) . Therefore, we tried to examine whether differences between patients who remained GT dependent, versus those who transitioned to GJ feeds, existed in relation to the frequency of pulmonary medicine evaluations or ICU admissions before tube placement, total hospitalization rates, as well as respiratory-related admissions; no differences were seen in any of these variables between the 2 groups. With prior literature of patients undergoing either a fundoplication or GJ placement suggesting that anti-reflux procedures may have minimal/no impact on subsequent respiratory-related admissions, (because the pulmonary complications in the majority of aspirating children are not a result of gastroesophageal reflux but instead because of a lack of thickening of oral feeds or aspiration of saliva), in turn, it makes sense that abnormal swallowing, or aspiration on a swallow study, should not preclude the placement or use of a GT tube; in fact, one could argue that for oropharyngeal dysphagia, an enteral tube is not even indicated anymore based on prior published data (9, 22, 23) . Interestingly, for GJ-converted patients, the overall frequency of total hospitalizations decreased with a trend toward a decrease in respiratory-related visits, when comparing equivalent time periods before versus after transition to transpyloric feeding. This finding is in contrast to a prior study by King et al 2014 of 33 GJ fed patients, all with neurological impairment, which reported no changes in the total number of visits before versus after GJ placement, and an actual increase in the number of ''gastroesophageal reflux and dysfunctional swallowing'' related-visits (6) . Of note, the authors found these visits were primarily due to procedure or feeding-tube-related visits and not respiratory-related visits (6) . This discrepancy between this finding and our study may be explained by certain patient factors, as their study included only patients with neurologic disability and the tracking of other radiology-related patient visits, but there may also be possible differences in certain institution based practices in regards to the care and maintenance of GJ tubes that may also contribute to higher versus lower visit rates after GJ placement.
It is interesting to note that only 2% of our GJ patients' went on to have their feeding tubes permanently removed (P ¼ 0.001), but 36 (45.6%) went back to GT tube feeding, suggesting the GJ placement may not always be a permanent exchange. Prior data from our institution has suggested that upward of 20% of all patients undergoing primary GJ placement may go on to full oral feeding (24) . Therefore, there may be additional patient confounders in this cohort of matched patients, and a specific relation to their feeding intolerance and having failed an initial GT trial, which may have subsequently impacted certain patients ability to advance back to GT feedings and/or a full oral diet.
Limitations to this study include its retrospective nature and involvement of institution-specific practices of when to pursue subsequent placement of gastrojejunal feedings. In addition, during this time period, our institution had adoption of a new electronic medical record system which may limit the availability of some data. Also, our institution involves a large cohort of attendings and variation in clinical practice may have also influenced preoperative evaluations. We also did not collect data on esophageal biopsies, type of formula used with nasogastric tube feeding trial, or other medical therapies before GT tube placement, and those practices may have also influenced the conversion from GT to GJ feeding. Future studies are needed to more prospectively study what other types of diagnostic, motility, and patient characteristics may predict subsequent need for gastrojejunal placement.
CONCLUSIONS
To date, no differences in preoperative patient characteristics, hospitalization rates, or diagnostic evaluations were seen in patients remaining GT dependent versus those going on to require GJ feeding. Interestingly, GJ patients did experience an overall decrease in total admissions after GJ conversion. Future prospective studies are needed to address what other types of diagnostic, motility, and patient characteristics may predict subsequent need for gastrojejunal placement.
